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Abstract
Retrotransposable elements are selfish DNA elements that replicate
within a host genome through an RNA intermediate. Long
Interspersed Elements (LINEs), found in most eukaryotic genomes,
are among the most abundant retrotransposable elements found in
the human genome, accounting for over one-third of our DNA. Our
study focuses on R2, a LINE element encoded from Bombyx mori
(R2Bm) that specifically inserts into the 28S rRNA genes (1). The
R2Bm has been exclusively used to study the biochemical steps by
which R2 integrates into the host genome, known as target primed
reverse transcription (TPRT) (2,3). In TPRT, one subunit of the
R2Bm, bound to the 3’ end of its own RNA transcript, binds
upstream of the target site and cleaves the bottom strand. The 3' OH
end generated by the cleavage reaction is then used to prime
reverse transcription of the RNA. A second R2 subunit bound to the
5’ end of its own RNA transcript binds downstream of the insertion
site and cleaves the top DNA strand, using the released 3’OH to
prime second-strand DNA synthesis (4). There is little known on
which R2 domain serves as a binding site for the 5’ and 3’ ends of
the RNA transcript. We hypothesize that the R2 protein’s thumb
and finger 6a regions respectively serve as potential sites for RNA
and DNA binding. The aim of this study was to optimize the
expression and purification of the thumb and finger 6a mutant R2
proteins to identify additional nucleic acid binding domains of
R2Bm.

Background

Figure 2: TPRT model of R2
retrotransposition. The R2 protein
subunit bound to the 3’ PBM of
its own RNA transcript binds
upstream of its insertion site and
cleaves the target DNA on the
bottom strand. The 3' OH end
generated by the cleavage reaction
is then used to prime reverse
transcription of the RNA (steps 1
and 2). A second R2 protein
subunit associated with the 5’
PBM of its RNA transcript binds
downstream of the target site,
cleaves the top DNA strand, and
uses the released 3′ OH end to
prime second-strand DNA
synthesis (4).

Transformations plated on LB/Kanamycin

Thumb region of R2 protein is a potential RNA binding
domain.

Figure 3. Comparison of R2 protein reverse transcriptase domain with
retroviruses, group II introns and telomerases. Peaks represent amino acid
sequences with high levels of similarity, indicating highly conserved motifs (4)

Hypothesis 2

Figure 6b.
Transformed BL21
cells, containing
Thumb double mutant
R2Bm plasmid.

Figure 6a.
Transformed BL21
cells, containing WT
R2Bm plasmid.
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Change in fraction burried (red) and fraction
accessible (blue) upon binding to DNA

Figure 4: Change in a protein
footprint in going from the
absence of DNA to the presence
of DNA. Lysine residues in the
ORF diagram are indicated as
having a footprint signal
change consistent with DNA
binding (D).
Preliminary data from Santosh
Dhamala, University of Texas
at Arlington.

Methods
1. Site-directed mutagenesis of Thumb region and Finger 6a region.
Thumb KPQQR to APAQR double mutant.
Finger 6a HRKK to HRAA double mutant.
Figure 5. Plasmid with the R2 ORF (red)
was used in the site directed mutagenesis.

2. Transformation into BL21 cells followed by plating on LB/Kan plates.
3. Protein expression and purification.

Figure 6c.
Transformed BL21
cells, containing finger
6a double mutant
R2Bm plasmid.

SDS-PAGE for purified WT and mutant R2 proteins
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Figure 7. SDS-PAGE gel (10%)
stained with SYPRO orange for the
purified WT and Thumb mutant
protein. Lanes 1-7, serial dilutions
of the BSA standards; lanes 9-11:
WT fractions 1-3, and lanes 12-14:
thumb mutant fractions 1-3.

Highly conserved HRKK region in the Finger 6a of R2
protein is a potential DNA binding domain.
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Figure 1. The Open Reading
Frame (ORF) structure of R2
element from Bombyx mori. ORF
consisting of Myb and ZF motifs,
RNA binding (RB), a reverse
transcriptase (RT), Linker and a
restriction-like endonuclease
(RLE) (2-3).

Results

1. 2

3

4

5 6

7

8

9 10 11 12 13

Figure 8. SDS-PAGE gel (10%)
stained with SYPRO orange for the
purified WT & Finger 6a mutant
protein. Lanes 1-6, serial dilutions of
the BSA standards; lanes 8-10:
wildtype fractions 1-3, and lanes 1113: finger 6a mutant fractions 1-3.

Conclusions and Future Directions
• Successfully optimized the expression and purification of the
thumb double mutant R2 protein.
• Continue optimization of the finger 6a mutant purification.
• Conduct biochemical assays (EMSA and TPRT) to study RNA
and DNA binding by the mutants.
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